A new type of piroplasm, phylogenetically closest to Babesia microti-like parasites previously detected in Eurasian red squirrels (Sciurus vulgaris orientis), was identified in a rhesus monkey (Macaca mulatta) imported from China. After challenge with Plasmodium cynomolgi M strain blood-stage parasites, the rhesus monkey repeatedly showed markedly reduced levels of Plasmodium parasitemia when compared with animals not infected with this organism.
Babesiosis is a tick-transmitted disease caused by intraerythrocytic parasites of the genus Babesia. Babesial parasites are capable of infecting a wide variety of mammals, and awareness is growing of their role as zoonotic agent of human disease. 1 Babesia-like parasites of the genus Entopolypoides macaci have been reported to infect nonhuman primates; based on phylogenetic analysis of small-subunit rRNA (SSUrRNA) sequences of this parasite and on serological and epidemiological data, it was suggested that the genus Entopolypoides is synonymous with that of Babesia. 2 In primate centers, natural infections with this parasite have been shown in baboons (Papio cynocephalus), 2 long-tailed macaques (Macaca fascicularis), 3 and rhesus macaques (Macaca mulatta), 4 providing animal models in species closely related to humans to study parasite-host relationships of this pathogen.
Here, we describe the detection and molecular characterization of a new Babesia-like parasite in a rhesus macaque and the effect of this infection on super-infection with the malaria parasite Plasmodium cynomolgi.
As the control arm of a study, 4 nonsplenectomized M. mulatta were inoculated intravenously with 1 × 10 6 P. cynomolgi M strain blood-stage parasites obtained from a donor monkey. Fingerpricks were taken every other day, and duplicate thin blood smears were made, one of which was Giemsastained to monitor the malaria infection. The research protocol was approved by an independent animal care and use committee and performed according to Dutch and European laws.
Unexpectedly, malaria peak parasitemia in one monkey, Ri12142, was significantly lower than in the other monkeys ( Figure 1A ), while other hematozoan parasites morphologically distinct from P. cynomolgi were observed in blood smears from this monkey ( Figure 1 , B and C). The parasites had a morphology resembling Babesia parasites, including, occasionally, the characteristic "Maltese cross" consisting of 4 pyriform-shaped trophozoites 5 ( Figure 1C ). After P. cynomolgi peak parasitemia at Day 12 after infection, both parasitemias declined concurrently to low levels ( Figure 1A ). At Day 23, monkey Ri12142 was treated with chloroquine to cure the malaria. Two years later, Ri12142 was re-infected with P. cynomolgi. Again, morphologically distinct hematozoan parasites were observed, and the malaria infection was markedly suppressed compared with 3 other monkeys that had been infected from the same donor monkey (peak parasitemia 0.16% versus 3.13%, 2.48%, and 2.24% for the control monkeys; data not shown).
To molecularly characterize the piroplasm parasites in Ri12142, material was scraped with a clean scalpel from an unstained methanol-fixed blood smear obtained on Day 8 after both the first and second P. cynomolgi infections and transferred to a PCR tube for analysis; 75 L of TE buffer was added, the material was heated for 15 min at 95°C, and, after a brief centrifugation, 5 L was used as template in a PCR reaction with primers P7 and P8, specifically amplifying the hypervariable region V4 of the SSU rRNA genes of piroplasms. 6 An amplified product was detected with a size of 439 bp in the material from both time points, more than 2 years apart. In contrast, PCR analysis of smears of the 6 monkeys that had received a P. cynomolgi blood-stage challenge at the same time as Ri12142 but that showed a historically "normal" parasite development did not show any product. Apparently, Ri12142 was the only monkey with a piroplasm infection, and this infection did not originate from either of the 2 donor monkeys.
For further molecular characterization, SSUrRNA was amplified using primers Piro0F and Piro6R for first round PCR and Piro1F and Piro5.5R for the nested PCR. 7 The ␤-tubulin gene of the parasite was amplified using primers BmTubu93F and BmTubu897R. 8 Products were cloned, and both strands of 5 independent clones for each gene were sequenced. The SSUrRNA and ␤-tubulin sequences have been deposited in GenBank (accession numbers EU168705 and EU168706, respectively). Phylogenetic relationships were analyzed as described elsewhere, 8 using sequences corresponding to regions 76-527 of AY693840 and 358-1085 of AB083377 of the SSUrRNA and ␤-tubulin genes, respectively. This revealed that the amplified piroplasm SSUrRNA product was closest (99.0% identity) to SSUrRNA of B. microti-like parasites that have been detected in Eurasian red squirrels (Figure 2A) . 8 Analysis of ␤-tubulin gave similar results ( Figure 2B) , with 97.3% identity to ␤-tubulin of B. microti-like parasites in Eurasian red squirrels. 8 This parasite groups with the U.S.-type B. microti ‫ס(‬ Babesia microti sensu stricto, regarded to be the major causative agent of human babesiosis), and therefore it was suggested that the squirrels may serve as an additional reservoir for the human babesiosis agent. 8 This study shows that closely related B. microti-like parasites from this separate branch of B. microti can infect not only rodents but also nonhuman primates closely related to humans.
Previously, a partial SSUrRNA sequence (PB-1; Figure 2A ) was published of a new B. microti-like species that infected baboons. 2 The B. microti-like parasite SSUrRNA sequence from Ri12142 described here is clearly distinct from PB-1 (Figure 2A) , revealing a new B. microti-like parasite that is capable of infecting a nonhuman primate.
The timing and origin of the B. microti-like infection are not known, and it is possible that the infection originates from the primate-breeding facility in Guangxi (China) from which the monkey had been imported 2 years before the first infection with P. cynomolgi. Long-term presence of B. microti is not uncommon, as previously reported in experimentally infected rhesus monkeys. 9, 10 The data presented here are in line with a report revealing that, in M. fascicularis, E. macaci parasitemias that had remained dormant for years were induced by stress, 3 which in our case was likely induced by P. cynomolgi infection.
The B. microti-like infection of Ri12142 appeared to have had a marked suppressive effect on the P. cynomolgi parasitemia on 2 separate occasions. Data from a single monkey infected on 2 occasions did not constitute proof that this suppressive effect could be entirely attributed to the presence of the B. microti-like parasites. However, this is the first time that we have come across a suppressed P. cynomolgi infection in the more than 30 monkeys that we have infected to date. Reports on co-infections of Babesia and Plasmodium in nonhuman primates are scarce, and the effect of Babesia infection on Plasmodium parasitemia has not been elaborated. 10, 11 In one study, Entopolypoides in rhesus macaques did not suppress P. cynomolgi infection. 4 These monkeys were, however, highly immunosuppressed due to splenectomy and antirhesus lymphocyte globulin therapy, most likely severely interfering with possible protective immune reactions. Interestingly, our data are in line with reports showing that mice that had recovered from infections with B. microti were protected against challenge with Plasmodium vinckei and Plasmodium chabaudi. 12, 13 The suppression of P. cynomolgi infection after chronic exposure to B. microti warrants further investigation of a possible protective role of Babesia infection on Plasmodium and underlying immune mechanisms, especially in light of renewed interest in the possibilities for development of attenuated vaccines for malaria.
